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S T U D I E S  invo lv ing  the in i t i a l  s tages  of a u t o x i d a -  
t ion  of u n s a t u r a t e d  f a t t y  ac ids  have  i n d i c a t e d  
t h a t  oxygen  m i g h t  a d d  d i r e c t l y  across  the  doub le  

b o n d  (1, 2) or  a t  the  " a c t i v e "  me thy lene  g r o u p s  
(3, 4, 5) a d j a c e n t  to the double  bond .  F a r m e r  and  
co-workers  (6, 7) have  shown t h a t  oxygen  adds  across  
the  double  bonds  in a c o n j u g a t e d  sys tem.  However ,  
t i le  in i t i a l  po in t  of a d d i t i o n  to a n o n c o n j n g a t e d  sys- 
t em is s t i l l  open to quest ion,  t I i l d i t c h  a n d  co-workers  
(1, 2) bel ieve tha t  oxygen  adds  to the  double  bond,  
the  bond  sh i f t s  a n d  h y d r o p e r o x i d e s  are  fo rmed .  ()n 
the  o the r  hand ,  B e r g s t r o m  (3) a n d  F a r m e r  and  eo- 
worke r s  (4)  sugges ted  t ha t  oxygen  a d d e d  d i r e c t l y  
onto the  ac t ive  me thy l ene  g r o u p  a n d  f o r m e d  hyd ro -  
pe rox ides  at  t ha t  point .  F a r m e r  (8)  has  r e c e n t l y  
modi f ied  this  meehan i sm and  sugges ted  t ha t  oxygen  
m a y  a d d  to the  double  bond  m o l n e n t a r i l y  be fo re  
f o r m i n g  h y d r o p e r o x i d e s  at  the  ac t ive  me thy l ene  
g roups .  

I t  would  seem tha t  b y  c o m p a r i n g  the resul t s  ob- 
t a i n e d  f rom the s imu l t aneous  ox ida t i on  a n d  h y d r o g e -  
na t ion  of p u r e  n o n e o n j u g a t e d  a n d  c o n j u g a t e d  l inole ie  
ac id  i t  m igh t  be poss ible  to d e t e r m i n e  the site of hy-  
d r o p e r o x i d e  fo rma t ion .  Ill the  p r e s e n t  p a p e r  such 
compar i sons  were  made  wi th  the  use of A:' , '2 a n d  
A~o, ~2 m e t h y l  l ino lea te  a n d  • ~-" a n d  ~ o ,  ~ l inolc ic  
or  a lka l i  c o n j u g a t e d  l inole ic  acid.  

E x p e r i m e n t a l  

Preparation of Malerials: All  m a t e r i a l s  were  pre-  
p a r e d  aeco rd ing  to metho(ls  a l r e a d y  desc r ibed  in the  
l i t e r a t u r e .  The A'-'. r, l inolcie ac id  or  i ts  m e t h y l  es te r  
was p r e p a r e d  f rom corn oil ' a c c o r d i n g  to the  me thod  
of Rol le t  (9 ) ,  the  a lka l i  e o n j u g a t e d  l inole ic  ac id  was 
p r e p a r e d  a c c o r d i n g  to the  me thod  of H o h n a n  a n d  
E l m e r  (10) and  the A~", ~ l inole ic  ac id  or  i ts m e t h y l  
e s t e r  was p r e p a r e d  f rom d e l l y d r a t e d  cas tor  oil 5 ac- 
c o r d i n g  to the met l lod  of Von Mikusch  (11) .  

The  iodine  va lue  of t i le A 9, ~ l inole ic  a n d  the  spe- 
cific a b s o r p t i o n  coefficient of t i le  a lka l i  c o n j u g a t e d  
a n d  the A~o,~2 l inole ic  ac id  i n d i c a t e d  t ha t  t hey  h a d  
a p u r i t y  of 98 and  97% of  the  t heo re t i ca l  vahte  
respec t ive ly .  

Oxidation Procedure: Two ox ida t i on  p r o c e d u r e s  
were  used. I n  one, A 9' ~2 or  • ~2 m e t h y l  l ino lea te  
w a s  oxid ized  in a closed sys tem a t  30~ The a p p a -  
r a t u s  was s im i l a r  to the  semi-micro  h y d r o g e n a t o r  
shown in F i g u r e  1 except  t ha t  the  flask a n d  b u r e t t e  
of  the  l a t t e r  were  smal ler .  A 200 ml. flask was con- 

x The subject ma~ter of this paper has been undertaken in coopera- 
tion with  the  Office of Naval Research." The opinions or conc lus ions  
c o n t a i n e d  in this  report  are  those of the authors. They are not to be 
c o n s t r u e d  as neces sar i l y  ref lect ing  the  v i e w s  or e n d o r s e m e n t  of the 
Navy Department. 

2 C o n t r i b u t i o n  No. 351 from the Department of Chemistry. A pre- 
liminary report of the work w a s  g iven  at the  American Chemists' Soci- 
ety me, cling in Oclober. 1947. 

3 Portion of a thes is  p r e s e n t e d  by Robert g. Allen as partial fulfil- 
merit of the requ irement~  for the degree of Master of Science. 

4A degummod corn oil furnished lhrough the co~arte,~y of Corn 
P r o d u c t s  Ref in ing  Company ,  Argo, Ill. 

5 O. H.  D e h y d r a t e d  Castor Oil obtained through the courtesy of A. 
Eisenschmi l ,  T h e  Scient i f ic  Oil Compounding Company ,  Chicago,  Ill. 

Fro. 1. Semi Micro Ilydrogenation apparatu.~. 

nee ted  b y  a f lexible  j o i n t  to a 100 ml. b u r e t t e  and  a 
m e r c u r y - t i l l e d  leve l ing  bu lb .  The  f lexible  j o i n t  made  
poss ible  the  shak ing  of the  flask b y  a m o t o r - d r i v e n  
eccen t r ic  while  the  res t  of the  a p p a r a t u s  r e m a i n e d  
s t a t i o n a r y .  A p p r o x i m a t e l y  20 g. of the  es ter  was 
we ighed  in lo  the  flask, the  b u r e t t e  a n d  flask swept  
wi th  oxygen ,  a n d  the oxygen  b r o u g h t  to the  lower  
level  in the  b u r e t t e  b y  open ing  the s topcock in the  
f, ask m o m e n t a r i l y .  The  t e m p e r a t u r e  a n d  b a r o m e t r i c  
p re s su re  were then  no ted  a n d  the a g i t a t i o n  of the  
flask s t a r t ed .  The a g i t a t i o n  was s t o p p e d  at  va r ious  
in te rva l s ,  the  b a r o m e t r i c  p res su re ,  t e m p e r a t u r e ,  a n d  
b u r e t t e  r e a d i n g  noted,  a n d  a s amp le  r emoved  fo r  
pe rox ide  d e t e r m i n a t i o n s ,  s p e e t r o p h o t o m e t r i c  read-  
ings,  a n d  h y d r o g e n a t i o n .  The flask was a g a i n  swept  
wi th  oxygen ,  the  b u r e t t e  l eve led  as before ,  and  the 
r eac t ion  a l lowed  to eont inuc .  A t  each i n t e r v a l  the  
in i t i a l  a n d  final vo lume of oxygen  was also no ted  and  
co r r ec t ed  to s t a n d a r d  condi t ions .  By sub t r ac t i on ,  the  
vo lume a b s o r b e d  was d e t e r m i n e d  a n d  ca l cu l a t ed  as 
nmles of oxygen  p e r  mole ester .  E x c e p t  for  the  re- 
mova l  of samples  the, r eac t ions  were  c a r r i e d  out  wi th-  
out  i n t e r r u p t i o n  in a cons t an t  t e m p e r a t u r e  room at 
30 o -+- 1oc .  

The  o the r  o x i d a t i o n  p r o c e d u r e  was conduc ted  in 
open 6" tes t  t ubes  a t  30, 65, a n d  90~ T a n k  oxygen  
was b u b b l e d  into  the  samples  t h r o u g h  glass  in le t  t ips  
which  led  into the  b o t t o m  of the  test  tubes .  The 
l a t t e r  were  s u s p e n d e d  in a 12" b y  12" i n s u l a t e d  P y r e x  
g l a s s  j a r  which c o n t a i n e d  l igh t  m i n e r a l  oil ( F i g u r e  
2) ,  the  t e m p e r a t u r e  was r e g u l a t e d  to a cons t ancy  of 
• 1 7 6  b y  an A m i n e o  t h e r m o s t a t i c a l l y - c o n t r o l l e d  
h e a t i n g  uni t .  A t  a p p r o p r i a t e  i n t e r v a l s  of time, sam- 
ples  were  r emoved  fo r  pe rox ide  d e t e r m i n a t i o n s ,  spee- 
~ rophotomet r ie  r ead ings ,  a n d  h y d r o g e n a t i o n .  

395 



396 THE JOURNAL OF TIIE AM~ICAN Om CIIEMISTS' SOCIETY, AUGUST, 1949 

Fro. 2. Constant temperature bath. (A) 6" test tubes; (B) 
electric motor; (C) Aminco thermostat; (C) heater; (D) oil 
bath and; (E) tank oxygen. 

Analytical Procedures: t Iydrogen numbers (moles 
cf hydrogen per mote of ester) were determined by 
means of a senii-micro modification (Figure 1) of the 
apparatus  described by Johns and Seiferle (12). In 
this modification a larger reaction flask with a 25 in- 
stead of a 5 ml. burette was used to measure the 
volume of hydrogen absorbed. Samples of 40 to 100 
mg. were hydrogenated with the aid of platinum on 
zirconium oxide as a catalyst. 

The specific absorption coefficient of the oxidized 
ester was determined at 2320 A on 100 mg. samples 
diluted with purified ethyl alcohol. The percentage 
conjugated (~/115) was calculated from the specific 
absorption coefficient according to the method of 
Kraybil l  et al. (13). 

Peroxide oxygen was determined by the method of 
Wheeler (14). l)uplicate samples of 100 rag. were 
removed, t i t ratcd immediately, and the results cal- 
culated as peroxide ~,alues or as moles of peroxide 
oxygen per mole ester. 

Results and Discussion 
The present results seem to substantiatc the orig- 

inal mechanism of Farmer  and co-workers (5). That  
is, the a methylene groups, rather than the double 
bonds, are initially attacked dur ing the autoxidation 
of a nm~eonjugated ester. This was best shown by  
the sample which had been oxidized continuously in 
a closed system at 30~ (Figure 3). l:p to the point 
at which approximately 0.2 of a mole of oxygen had 
been absorbed, all of the oxygen could be demon- 
strated as peroxide oxygen and according to Bolland 
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FIO. 3. The changes in characteristics in moles per mole of 
A,). r., methyl linoleate during autoxidation at 30~ (1) total 
oxygen; (2) hydrogen corrected for peroxide oxygen; (3) 2 
minus non-peroxide oxygen; (4) total conjugated; (5) perox- 
ide oxygen. 

and Koch (15) all ill the form of hydroperoxides. 
The latter could not have been added to the double 
bonds as over two moles of hydrogen per mole of 
methyl linoleate were still taken up even after as 
much as 0.2 of a mole of oxygen had bee~l absorbed. 
ttowever, after this point an increasing difference 
was noted between the total oxygen absorbed and the 
peroxide oxygen. The decrease in hydrogen values in- 
dicated that this difference, or non-peroxide oxygen, 
added to the double bonds to form a non-reductible 
compound. The peroxides, as such, were reduced 
quantitatively by hydrogen. The hydrogen values 
shown in Figure 3 and Figure 4 have been corrected 
for peroxide by subtract ing the moles of peroxide 
from the moles of hydrogen actually absorbed. 

The a u t o x i d a t i o n  of the conjugated ester in a 
closed system at 30~ proceeded almost three times 
more slowly and in a different manner than the non- 
conjugated acid (Figure 4). For  example, it took 279 
as compared with 1()3 hours to add one mole of oxy- 
gen to the A 1~ 12 and • ~2 methyl linoleate respec- 
tively. Furthermore,  in contrast to the autoxidation 
of the nonconjugated ester the building up of a large 
amount  of peroxide oxygen did not seem to be neces- 
sary as no peroxide oxygen was detected until • 1~ 
methyl linoleate had been oxidized for more than 100 
hours. Ilowever, it was also possible that the peroxide 
oxygen was broken down as rapidly as it was being 
formed and that this oxygen then added to the double 
bonds. The fact that the decrease in hydrogen value 
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'-1 ~~ "~ methyl linoleate during autoxidat ion at 30~ (1) total  
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Fzo. 5. The changes in peroxide values during the autoxida- 
tion of 5~' '~ and a '~ r-, linoleic acid at 30 ~ and 65~ 

and the disappearance of conjugated double bonds 
were equivalent to the amount of oxygen taken up 
(Figure 4) indicated that oxygen-carbon rather than 
carbon to carbon polymerization (16) must have been 
occurring during the initial stages of the autoxidation 
at 30~ The effect of higher temperatures on the 
total oxygen uptake and the rate and type of poly- 
merization of A ~~ ~'-' methyl linoleate will be presented 
in a future publication. 

In agreement with Gunstone and tt i lditch (17) the 
present results indicated that the course of the autoxi- 
dation of A". ~ methyl linoleate was independent of 
temperature, tIowever, the rate and the amount of 
peroxide formed were dependent on the latter. The 
samples which had been oxidized in open test tubes 
at 30, 65, and 90~ indicated that the maximum 
amount of peroxides (Figure 5) had been formed in 
65, 5, and 31/~ hours respectively (Fig. 6). Fur ther-  

1 2 0 0  

,i i o o ' - -  

i o o o  

900 

800 -- 

70O -- 

50( 

g 

4O0 

50O 

200 -- 

I00  

/ 
I 

I 
I 

z 
I 

I 
I 

/ 
/ 

/ 
o / 

/ 
I 

I 
I 

I 
I / 

I 
I 

/ 
/ 

/ 
/ 

/ 
- / 

/ 
/ 

/ 

I I | 
I 

f ' - %  
I 

I 
/ 

/ 
/ 

I 
I 

I 
I 

P 
/ 

4 

\ 
% 
% 

Conjugoled L inoleic 

Acid 

Nonconjugolcd 

Linoleic Acid 

T e m p e r o t u r e  9 0  ~ C, 

\ 
o 

.1 t i - - -  
, I i ,  i I , ~ ~ 

T i m e  in h o r n ' s  

FIG. 6. The changes in peroxide values (luring the autoxida- 
tion of A ~' "-' and _5~o. ~ linoleic acid at 90~ 

more at the maximum point of formation, a larger 
amount of peroxides was present at 30 than at 65 or 
90~ A similar trend in the formation of peroxides 
was noted during the autoxidation of the conjugated 
acid although from 8 to 10 times less peroxides were 
formed in the latter e.ase. 

The temperature at which the autoxidation of the 
nouconjugated acid was carried out also affected the 
rate and the extent of diene conjugation. The rate 
was more rapid at 65~ but the specific absorption 
coefficient at 2320 A indicated that the maximum 
amount of conjugation occurred at 30~ (Figure 7). 
The specific absorption coefficient was 22 at 30~ 18 
at 65~ (Figure  7), and 12 at 90~ (Figure  8). 
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During the later stages of autoxidation the rate of 
decrease in conjugated bonds was approximately the 
same for both A 9' ~ or A~O,~2 linoleic acid. These 
changes were best reflected at 2320A rather than at 
some other wave length (Figure 9). The magnitude 
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l~m.. 8. T h e  c h a n g e s  in t h e  spec i f i c  a b s o r p t i o n  coe f f i c i en t  a t  o 90 C. 

of the absorption at 2680 A and 2775 A indicated 
that very few secondary products were formed during 
the autoxidation of the methyl linoleate although 
such products have been reported by other workers 
(15, 18). The hydrogenation of samples removed 

from the acids which had been oxidized in open tubes 
yielded results similar to those obtained with the 
methyl esters which had been oxidized in the closed 
system at 30~ 

In a recent review (19) Hilditch pointed out that  
it required a large molar c o n c e n t r a t i o n  of alkali 
hydroxide at a high temperature to rearrange the 
CtI :CIt  CII,, Clt :Cll  linoleic system and that it was 
difficult to see why molecular oxygen at o rd ina ry  tem- 
perature should bc capable of effecting a similar dis- 
sociation of a hydrogen atom or a proton. On the 
other hand, Bolland and Koch (15) pointed out that 
the oxidation product of methyl linoleate contained 
between 70-85% conjugated isomers and that up to 
100% conjugation might occur, t lolman (20) has 
also shown that the monohydroperoxide formed from 
linoleic acid during autoxiation is complctcly conju- 
gated at least as far  as 80% oxidation at 0~ There- 
fore the extent of conjugation was greater than when 
alkali hydroxide is used although the rate of conjuga- 
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Pro. 9. T h e  c h a n g e s  in  t h e  spec i f i c  a b s o r p t i o n  coef f i c ien t  at 
v a r i o u s  w a v e  l e n g t h s .  

tion is faster in the latter case. Furthermore the 
present results indicate that the rearrangement of 
the nonconjugated acid is as extensive at 30 as at 
90~ The temperature at which the autoxidation is 
carried out is, therefore, not a pr imary factor. Al- 
though proof for the energy relationships is still 
lacking (8), the present results seem to indicate that 
oxygen in the form of hydroperoxide is as powerful a 
proton aceeptor as alkali hydroxide. 

Summary 
The autoxidation of A 9' ~2 and A 1~ 12 methyl linole- 

ate or the acids of these methyl esters was carried out 
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under various conditions and the changes in charac- 
teristics compared by the removal of small samples 
at selected intervals of time. The results indicated 
that during the initial stages of autoxidation of A '~. ~2 
methyl linoleate at 30~ all of the oxygen could be 
demonstrated as peroxide oxygen. On the other hand, 
11o peroxide oxygen was former until the A ~~ ~2 methyl 
linoleate had been oxidized for more than 100 hours. 
Furthermore,  it was suggested that oxygen at room 
temperature was as effective in rearranging the 
(?ll :Cll ('II~ CIt :CII system as alkali hydroxide and 
high temperature. 
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Report of the Spectroscopy Committee 
November 15, 1948 

A T file speeial meeting of the Spe(,.troscopy Com- 
mittee, hehl in Chicago during the ]947 Fall 
Meeting of the American Oil Chemists '  Society, 

the spectrophotometric method for the analysis of fats 
alld oils was discussed in detail. A few minor revi- 
sions were made. I t  was decided to analyze four oil 
samples (linseed, soybean, cottonseed, and lard) by 
the revised method before submitting it to the l;ni- 
form Methods Committee for action by the Society. 
In order to limit the. amount of work necessary a 
simplified set of calculations was attached, in which 
tile background corrections were eliminated. The cal- 
culations are as follows: 

Absorption coefficient is defined as k ---- D/be where 
l) is the observed spectral density of a solution of 
thickness b cm. (compared with solvent of the same 
thickness) and of concentration of c grams per liter, 
the COllcentratioll of e is equal to W/v, where W is 
the weight of sample in grams, and v is the total 
volume of solution in liters (0A the initial volume 
nsed times dilution factor) ,  hi  the equations which 
follow subscripts 2'~3, 268, etc., refer to wave length. 

k ~ absorption coefficient before isomerization. 
k' =-- absorption coefiicient of isomerized materials. 
C~ ~ (k_,.~:~) 0.8403 = c~. conjugated diene. 
X ~-  % arachidonie acid ~ (k'~,~) 4.424. 
Y = % linolenic acid = (k'~,~ - -  0.534 X) 1.880. 
Z ~-  % linoleic acid ---- (k'~:~.~ - -  k~:~:: - -  0.593 X - -  

0.60 Y) 1.124. 

Eight  collaborators analyzed the four  oils following 
the details of the method as closely as it was possible, 
in tlle individual laboratories. The variations were 
minor. The data obtained are shown in Tables I and 
lI. 

An examination of the data in Table I shows that  
exceptionally good cheeks were obtained by all col- 
laborators, except No. 8, which appears to be low in 
all eases for linoleic acid. This would appear to be a 
consistent error which is occurring in the laboratory 
of that collaborator rather than a fault  in the method 
of analysis itself. The percentages of arachidonie acid 
found iLv the short calculations are without question 
in error, since it is very doubtful if arachidonic acid 
occurs in soybean, linseed, or cottonseed oil. In Table 

Col labora to r  

1 . . . . . . . . .  ; . i .  L T : L . ~ . . . . . . . 7  . . . . .  

T A B I , E  I 

Soybean  Oil 

% % 
Oonj. Acid 
l ) ; ene  Arach .  

.19 . ~  

.20 .18 
.19 .16 

.19 

.22 

.27 

.22 

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ .20 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; .19 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' .20 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  
Ave rage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 

L inseed  Oil 

.26 .42 

.27 .35 

.25 1 . 2 1 "  

.26 .41 

.25 .50 

.26 .49 

.26 

.28 .~i~ 

.26 .41 

Cot tonseed Oil 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 .13 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
3 .......................................... 14 09 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 .05 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 .09 

.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P .16 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 .20 

Average  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 I .12 

L a r d  

cA Acid  
IAno- 
lenie  

- - 8 . 1 7  
8 .20  
7 .87  
8 . 3 6  
8 .42  
9 .15  
8 .93  
8 .06  
8 . 4 0  

48 .5  
48 .0  
4 4 . 9  
4 8 . 0  
4 9 . 5  
53 .2  
5 0 . 4  
4 4 . 8  
4 8 . 4  

.15 

.29 

.13 

.16 

.15 

.12 
.26 
.14 
.18 

% 
Acid 

l , inole ic  

53.2  
53 .0  
53 .8  
55 .4  
53.7  
55.8  
55 .2  
49 .7  
53.7  

16.1 
16.8  
17.2  
18.0  
16 .0  
17 .4  
17 .6  
15.0 
16.8  

51.1  
51 .0  
49 .5  
52 .0  
51.5  
54 .4  
52 .3  
45 .9  
51 .0  

1 . . . . . . . . . . . . . . . . . .  ." . . . . . . . . . . . . . . . . . . . . . .  ! .23 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : .23 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

7~::::::::::::: .26 i : : : : : : : : : : : : :2 : : :  24 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' .25 
Average  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

* Not in a v e r a g e .  

I .52 .77 
i .51 .71 

.55 .69 

.40 .78 

.51 .73 

.50 .81 

.52 .82 

.41 .94 

.49 .78 

12.1  
12.2  
12.2  
11.0  
12.2  
12:.2 
13.2  
10.8  
12.0 

I I  is shown a comparison of the average results in 
Table I, with the same samples analyzed in one of 
the laboratories using the long calculations.  It should 
also be noted that the long calculations show a higher 
percentage of linoleic acid and a somewhat  lower per- 
centage of l inolenic acid. While  it cannot  be stated 
with certainty  that the differences in l inolenic and 
linoleic acid are significant, the l o w e r  v a l u e s  for 
arachidonic obtained by the hmg calculations are 
certainly more correct. Itence, in the method which 
becomes a part of this report, the long calculations 


